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(54) POLYMERIZATION CATALYSTS FOR POLYESTERS, POLYESTERS PRODUCED WITH THE 
SAME AND PROCESS FOR PRODUCTION OF POLYESTERS 



(57) This invention provides a novel polycondensa- 
tion catalyst using no antimony compound, polyester 
produced by using the same, and a process for produc- 
ing polyester. A novel catalyst comprising an aluminum 
compound and a phosphorus compound is used as the 
polycondensation catalyst in producing polyester. The 



polyester of this invention can be applied to fibers for 
clothes, fibers for industrial materials, various films, 
sheets and molded articles such as bottles and engi- 
neering plastics, as well as coatings and adhesives. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

polyester produced by using the same and a process for produang polyester. 
Prior Art 

[0002] Prtyestenpar^yp^^ 

and chemical properties and applied «^ and engineering plastics, 

such as packaging films and magnetic tapes and sh^ 

[0 003] PETisobtainedindus trialiyb V-^^^^^^ polycondeLZ thereof 

with ethylene glycol thereof to produce ^(Z^dro^ethy^ J^^polycdndeiJBon. antimony trioxlde Is widely 
with a catalyst at high temperature in vacuo As the catalys use Mnthte P°^°" , r 

used. Anthony trioxide is a ^^^^^0^0 gray £3££ and formal of insoluble 

;:^r"i ss^-S- ^ ^srjsr — tel viewpo,nt 

Kese circumstances, there is demand for occurrence of gray 
100041 Whiieusingant^onytri^ 

discoloration andfoimation of insoluble part.desm PET has beer '™»« ^ nde|Kationcata | y8 , whereby formation 
antimony trioxide and bismuth and seienium compounds are use^ 

of gray insoluble particies in PET * '" h '^^ poiycondensation catalyst, 

^^^^^^ 

of obtaining polyester containing no or little antimony. _ -ho' been investigated. In particular, a tita- 

[00O6| As an «ompi » o«««™ *™«S, mo ftas msoMd • mulwl «l "«l"9 temalko*, 

,00081 llisla»«nO.Mak™i»n,c»npo U ^ J J. polyc^^Bmatal c«- 

5STS S3! L^TSS5SS SU- — - — » ~ ^ 

duced by using the same and a process for producing polyester 
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and a phosphorus compound, polyester produced by using the same and a process for producing polyester, as a 
method of solving the problems above. 

[0012] This invention provides a novel polycondensation catalyst other than antimony compounds, polyester pro- 
duced by using the same, and a process for producing polyester. The polycondensation catalyst of this Invention Is a 
polyester polymerization catalyst, whictvqbmprises an aluminum compound and a phosphorus compound, as follows: 

© a polyester polymerization catalyst, which comprises an aluminum compound and a phosphorus compound; 
© the polyester polymerization catalyst according to the above-described® , wherein the phosphorus compound 
is at least one compound selected from the group consisting of a phosphonlc acid based compound, a phbsphlnlc 
acid based compound, a phosphine oxide based compound, a phosphonous acid based compound, a phosphlnous 
acid based compound, and a phosphine based compound; 

(§) the polyester polymerization catalyst according to the above-described® , wherein the phosphorus compound 
is at least one phosphonic acid based compound; 

® the polyester polymerization catalyst according to any one of the above-described® to® , wherein the phos- 
phorus compound is a compound having an aromatic ring structure; 

<D the polyester polymerization catalyst according to the above-described® , wherein the phosphorus compound 
is at least one compound selected from the group consisting of the compounds represented by the following For- 
mulae (1) to (3): 

(Formula 1) 
P(=0)R 1 (OR 2 )(OR 3 ) 

(Formula 2) 
P(=0)R 1 R 4 (OR 2 ) 

(Formula 3) 
P(=0)R 1 R 5 R 6 

(wherein R 1 , R 4 , R 5 and R 6 independently represent hydrogen, a hydrocarbon group, and aC^ hydrocarbon 
group containing a hydroxyl group, a halogen group, an alkoxy group or an amino group, and R 2 and R 3 independ- 
ently represent hydrogen and a C 1-10 hydrocarbon group, provided that the hydrocarbon group may contain an 
alicyclic structure or an aromatic ring structure.); 

(D the polyester polymerization catalyst according to the above-described© , wherein each of R 1 , R 4 , R 5 and R 6 
is a group having an aromatic ring structure; 

® the polyester polymerization catalyst according to any one of the above-described® to© , characterized in 

that one or more metals and/or metal compounds selected from the group consisting of alkali metals or ' compounds 

thereof and alkaline earth metals or compounds thereof are coexistent therewith; 

® polyester produced by using a catalyst described in any one of the above-described® to® ; and 

® a process for producing polyester which comprises using a catalyst described in any one of the above-described 

® to® in producing polyester. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0013] The aluminum compound constituting the polycondensation catalyst of this invention includes, but is not lim- 
ited to, e.g. carboxylates such as aluminum formate, aluminum acetate, aluminum propionate, aluminum oxalate, alu- 
minum acrylate, aluminum laurate, aluminum stearate, aluminum benzoate, aluminum trichloroacetate, aluminum lac- 
tate, aluminum citrate and aluminum salicylate, inorganic acid salts such as aluminum chloride, aluminum hydroxide, 
aluminum hydroxide chloride, aluminum carbonate, aluminum phosphate and aluminum phosphonate, aluminum alkox- 
ides such as aluminum methoxide, aluminum ethoxide, aluminum n-propoxide, aluminum iso-propoxlde, aluminum n- 
butoxide and aluminum t-butoxide, aluminum chelate compounds such as aluminum acetylacetonate, aluminum acety- 
lacetate, aluminum ethyl acetoacetate, and aluminum ethyl acetoacetate di-iso-propoxide, organoaluminum com- 
pounds such as trimethyl aluminum and triethyl aluminum and partially hydrolyzates thereof, as well as aluminum 
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(Formula 7) 



-P — o- 



(Formula8) 



(Formula 9) 




[001 7] The phosphonic acid based compound in this invention includes e.g. dimethyl methylphosphonate, diphenyl 
methylphosphonate, dimethyl phenylphosphonate, diethyl phenylphosphonate, diphenyl phenylphosphonate, dimethyl 
benzylphosphonate and diethyl benzylphosphonate. 

[0018] The phosphinic acid based compound in this invention includes e.g. diphenylphosphinic acid, methyl diphe- 
nylphosphinate, phenyl diphenylphosphinate, phenylphosphinic acid, methyl phenytphosphinate and phenyl phenyl- 
phosphinate. 

[001 9] The phosphine oxide based compound in this invention includes e.g. diphenyl phosphine oxide, methyl diphe- 
nyl phosphine oxide and triphenyl phosphine oxide. 

[0020] Among the phosphorus compounds described above, those compounds having an aromatic ring structure 
are preferably used for a significant effect of improving the catalytic activity 

[0021] As the phosphorus compound constituting the polycondensation catalyst of the invention, a compound rep- 
resented by the following Formulae (1) to (3) is preferabfy used for a particularly significant effect of Improving the 
catalytic activity. 



(Formula 1 ) 



P(=0)R 1 (OR 2 )(OR 3 ) 
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(Formula 2) 
P(=0)R 1 R 4 (OR 2 ) 



(Formula 3) 
P(=0)R 1 R 5 R 6 



5 



structure. . » rti „n thP nolvcondensation catalyst of the invention includes e.g. dimethyl 

[00231 ^ephosphoruscompound^ 

methylphosphonate, diphenyl methylphosphona e, J™*™*^™ h P onate diphe ny|phosphinicacid, methyl dphe- 

nylphosphinate. pheny. **-*^^ 2 «KU Phosphine oxide. Among these, 

phinate, diphenyl phosphine oxide mettiyl ■JWJJJJ" particularty preferable. 

dimethyl phenylphosphinate and ^f^^^^jLtion k preferabfy 5x10" to 0.01 mole, more 
[0 024] The amount of the phosph^s co^und used £Wnn ^ 0 f carboxylic acid components 

Umbly1x10*to0<>05rn^ 

compound, „„. „rth* alkaline earth metal or compounds thereof in this Invention are 

[00261 The alkali metals or compounds the^wt^a^neea^ h or more confounds selected 

L piticulariy limited insofar a^ they ^ 

tromthegroupconsistingofU.Na.K.Rb.Cs.Be.Mg ^,Sra^ P and oxalate , unsaturated 

include saturated aliphatic carboxylates sue* "-J"**"^ Satessuchasbenzoate.halogen^ontalnlng 
aliphaticcamoxyfatessuchasac^ 

camoxylates such as ^ lor ^ te ^ r ^^^ n ^™gCT carbonate, hydrogen phosphate, hydrogen 
such as carbonate, sulfate nitrate ^^^^^ b ^ organic sulfonates such as 1 -propane 
sulfate, sulfite, thiosulfate. hydrochlonde hydr obromate^ chl orate alkoxides such as 

sulfonate. 1-pentane suifonate and "J"**""^ such as acetyiacetonate. oxides 

methoxy, ethoxy. n-propoxy. .so-propoxy, ^T^l^SSme preferable and acetate is most preferable, 
and hydroxides, among which saturated aliphatic ™^**™* P *™* e earth meta is or compounds thereof used 
5,0271 The amount of these alkali metal or ^ oun **^°:^n^5x10^ to 0.05 mole, relative to the 
S prlab* in the range of 1 x10* to < ,.1 mole ^JJJ^ S uTas dteatboxylte acid and poiy functional 
number of moles of all constitutive unrts of carooxylic acid compone 

carboxylic acid components in the "^^JJJV^ be conducted by a method known in the art. For ex- 
[00281 Production of polyester accord.ng to this invention ^an ^ ' , and subsequen t poly- 

ample PET can be produced by a method - •^.^SS.Sf 3 5*«Jt such as dimethy. ten*., 

ication reaction and transesterificat.on reaction. ^^"^"^" ^^ in the presence of a transesteriflcation 
dimethy. terephtha^teandgiyco. such asethyen^ 

in solid state polymerization and solution polymenzation po |ycondensation reaction, but the 
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esterification reaction. 

[0031] The polycondensation catalyst of this invention may be added in any form such as powder, neat, or a slurry 
or solution in a solvent such as ethylene glycol. Alternatively, a mixture prepared by previously mixing the aluminum 
compound with the phosphorus compound may be added, o r the compounds comprising the catalyst may be separately 
added. Further, a mixture prepared by previously mixing the two or more compounds with alkali metals or compounds 
thereof or alkaline earth metals or compounds thereof may be added, or these compounds may be added separately. 
[0032] For polymerization of polyester by use of the polymerization catalyst of the invention, an antimony compound 
and a germanium compound may be used in combination with the catalyst. In this case, the antimony compound is 
preferably added in an amount of 50 ppm or less (in terms of antimony atom) relative to the polyester obtained by 
polymerization. The antimony compound is added more preferably in an amount of 30 ppm or less. Addition of antimony 
in an amount of more than 50 ppm is not preferable because an antimony metal is precipitated resulting in the gray 
discoloration and formation of insoluble particles in the polyester. The germanium compound is added preferably in an 
amount of 20 ppm or less (in terms of germanium atom) in the polyester obtained by polymerization. The germanium 
compound is added more preferably in an amount of 1 0 ppm or less. Addition of germanium in an amount of more than 
20 ppm is economically disadvantageous and thus not preferable. 

[0033] The antimony compound used in this invention includes antimony trioxide, antimony pentaoxide, antimony 
acetate and antimony gfycoxide, among which antimony trioxide is preferable. The germanium compound includes 
germanium dioxide and germanium tetrachloride, among which germanium dioxide is preferable. 
[0034] With the polymerization catalyst of this invention, other polymerization catalysts such as titanium compound, 
tin compound and cobalt compound can be coexistent in such amount as not to deteriorate the thermal stability and 
color tone of polyester. 

[0035] The polyester mentioned in the invention refers to polyester comprising at least one component selected from 
polyf unctionat carboxytic acids including dicarboxytic acids and ester-forming derivatives thereof and at least one com- 
ponent selected from polyfunctional alcohols including glycols, to polyester comprising hydroxycarboxylic acids and 
ester-forming derivatives thereof, or to polyester comprising cyclic esters. 

[0036] The dicarboxylic acids may include at least one of the following compound ;saturated aliphatic dicarboxylic 
acids such as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, 
sebacic acid, decane dicarboxylic acid, dodecane dicarboxylic acid, tetradecane dicarboxylic acid, hexadecane dicar- 
boxylic acid, 1 ,3-cyclobutane dicarboxylic acid, 1 ,3-cyclopentane dicarboxylic acid, 1 ,2-cyclohexane dicarboxylic acid, 
1 ,3-cyclohexane dicarboxylic acid, 1 ,4-cyclohexane dicarboxylic acid, 2,5-norbornane dicarboxylic acid and dimer ac- 
ids or ester-forming derivatives thereof, unsaturated aliphatic dicarboxylic acids such as fumaric acid, maleic acid and 
itaconic acid or ester-forming derivatives thereof, aromatic dicarboxylic acids such as orthophthalic acid, isophthalic 
acid, terephthalic acid, 5-(alkali metal) sutfoisophthalic acid, diphenic acid, 1 ,3-naphthalene dicarboxylic acid, 1 ,4-naph- 
thalene dicarboxylic acid, 1 ,5-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic acid, 2,7-naphthalene di- 
carboxylic acid, 4,4 i -biphenyl dicarboxylic acid, 4,4'-biphenyl sulfone dicarboxylic acid, 4,4 , -biphenyl ether dicarboxylic 
acid, 1 ,2-bis(phenoxy)ethane-p,p'-dicarboxyiic acid, pamolc acid and anthracene dicarboxylic acid or ester-forming 
derivatives thereof. And among these dicarboxytic acids, terephthalic acid and naphthalene dicarboxylic acid particu- 
larly 2,6-naphthalene dicarboxylic acid are preferable. 

[0037] Polyfunctional carboxylic acids other than these dicarboxylic acids may include ethane tricarboxylic acid, 
propane tricarboxylic acid? butane tetracarboxylic acid, pyromellitic acid, trimellitic acid, trimesic acid and 3,4,3\4'- 
biphenyl tetracarboxylic acid, as well as ester-forming derivatives thereof. 

[0038] The glycols may include at least one of the following compound ;aliphatic glycols such as ethylene glycol, 

1 .2- propylene glycol, 1 ,3-propylene glycol, diethylene glycol, triethylene glycol, 1 ,2-butytene glycol, 1 ,3-butylene glycol, 

2.3- butylene glycol, 1,4-butylene glycol, 1,5-pentane diol, neopentyl glycol, 1,6-hexane diol, 1 ,2-cyclohexane diol, 
1 ,3-cyclohexane diol, 1 ,4-cyclohexane diol, 1 ,2-cyclohexane dimethanol, 1 ,3-cyclohexane dimethanol, 1 ,4-cyclohex- 
ane dimethanol, 1 ,4-cyciohexane diethanol, 1 , 1 O-decamethylene glycol, 1 , 1 2-dodecane diol, polyethylene glycol, pol- 
ytrimethyiene glycol, and polytetramethylene glycol, and aromatic glycols such as hydroquinone, 4,4 , -dihydroxy bi- 
sphenol, 1 ,4-bis(P-hydroxyethoxy) benzene, 1,4-bis(p-hydroxyethoxyphenyl) sulfone, bls(p-hydroxyphenyl) ether, bis 
(p-hydroxyphenyl) sulfone, bis(p-hydroxyphenyl) methane, 1 ,2-bis(p-hydroxyphenyl) ethane, bisphenoi A, bisphenol 
C, 2,5-naphthaiene diol, as well as glycols having ethylene oxide added to the above glycols, and among these glycols, 
ethylene glycol and 1 ,4-butylene glycol are preferable. 

[0039] Polyfunctional alcohols other than these glycols include trimethylol methane, trimethylol ethane, triemethylol 
propane, pentaerythritol, glycerol, hexane triol etc. 

[0040] The hydroxycarboxylic acids may include lactic acid, citric acid, malic acid, tartaric acid, hydroxyacetic acid, 
3-hydroxybutyric acid, p-hydroxybenzoic acid, p-(2-hydroxyethoxy) benzoic acid, 4-hydroxycyclo hexane carboxylic ac- 
id, or ester-forming derivatives thereof. 

[0041 ] The cyclic esters include e-caprolactone, p-propio lactone, p-methyl-p-propiolactone, 6-valerolactone, glucol- 
ide and lactide. 
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l0 04 21 M - jester of .is ^£fi^£^ZS£ ZSgSZ 
component. The phosphorus compound is preferably SXxylethyl) methylphosphinic acid. (2*ar- 

ZL dimethyl phenylphosphonate, ^!SSSSS^ SSjSSK Srt (^ethoxycarbonj 
boxylethyl) phenytphosphinic acid, methyl ^^^SSiSM hos, phinfc acid ethylene glycol ester, (1 ,2-di- 
phenyl) phenylphosphinate, BH***^^ 

E^'SSSS^ of function* carboxyl* acids or hydroxycarboxyiic adds include a.Ky. es- 
ters, acid chlorides and acid anhydrides of « U *^JV main acid component is terephthalfc acid or an 
[0044] The polyester of this ^^^^^X^Te^-io^ derivative thereof and whose 
ester-forming derivative thereof or t ^^^^Z acid component is terephthalic acid or an ester- 
main glycol component is alkytene glycol. ^o^n este^to^derivative thereof is polyester wherein 
forming derivative thereof or ^ h ^^S^^ f ^aphtha.L dfcarboxylic acid or an ester-forming 
the total of terephthalic acid or an * Xe ^ n ***™™*™^ so mole % or more, and most preferably 90 mole 
derivative thereof is preferably 70 ^^Z^^^^ component is alkylene glycol is poster 
% or more, to the total acid components. Thej P^ s * er w ^ e ™ Zore preferably 80 mole % or more, and most 
rXso°^ r^«??i r used hLln, the ai^e g*co, may contain a 
substituent group or an allelic structure In *^e<^c^n*ereof. ^ ^ 
10045] The naphthalene dicartoxylicaado^^^ 
,3-naphtha.enedicamoxyl^ 
.ene dicarboxylic acid, 2,7-naphthalene dtearfooxy ^^^^^ ^^^^g^^op^B^g^, 

1 ,12-dodecane diol. These may be used in '^f™™* tere phthalic acid or an ester-forming de- 

[0047] The polyester of this Invention can. as ac.d component * ™ ^SST contain saturated aliphatic 
Live thereof and naphthalene d*»rboxy.ic ^^^^^ aci * ^ ^ ^ "** 
dicaiboxylic acids such as oxalic acid, matonrc ^•"^SSJSrt^add. tetradecane dicarboxylic acid, hex- 
azelaic acid, sebacic acid, decane dicarboxylic ^Jod«*ne «MJMN 1 |onexane di . 

carboxylicacid, t.s-cydohexanedicarboxyl.cac.d J^SJStaKLta^ acids such as tumeric acid, 
35 and dimer acids or ester-forming derivatives ammate dicarbo^lic acids such as orthophthalic 

malelc acid and Itaconic acid or ester-forming denvatives Jereof a T™°" J dtea rt)oxyiic acid, 4.4'-biphenyl 
Tcid.isophmalicadd.5-^^ 

suifone dicarboxylte acid. 4.4'-biphenyl d '^^ carboxy.ic acids such 

acid and anthracene dicamoxylic acid or forming ^JSJSom 2 add pyiomellitic add. trimeUUe acid, 
40 as ethane tricarboxylic add. propane tr^*oxyl c add. J^^JXft- J*^ ^ pdyester of this in- 
trinsic acid and 3.4.3'.4--biphenyl totracarboxy.« mc ZlZS^SoIdU. malic acid, tartaricacid, hydroxyacetic 

aromaticgiycoissu^ashydmqu^ 

yethoxyphenyl) sulfone. bis(p-hydroxyphenyO ether, b^hydro^heny.) ethylene oxide 

pa!q ™epo*esterofthisinvention^ ^ examples 

ponent. The phosphorus based compound is l^^^^^^y^^) methylphosphinic acid, 
thereof indude dimethyl P^T*^^ methyl (4 .methoxycar- 

(2-carooxylethyl) phenylphosph.nic acid methyl <*™*°*^ ethylene glycol, (1 ,2«Jicar- 



10 



15 



20 



25 



30 



50 



55 



8 



EP 1 227 117 A1 



etc. By Incorporating these phosphorus based compounds as copolymerizable components, the resulting polyester 
can improve flame retardancy etc. 

[0050] The polyester of the invention is preferably polyethylene terephthalate, polybutylene terephthalate, polypro- 
pylene terephthalate, poly(1 ,4-cyclohexanedimethyleneterephthalate), polyethylene naphthalate, potybutylene naph- 
thalate, polypropylene naphthalate and a copolymer thereof , among which polyethylene terephthalate and a copolymer 
thereof are particularly preferable. 

[0051] The polyester of this invention can contain antioxidants such as phenolic or aromatic amines, and by con- 
taining one or more of these antioxidants, the resultant polyester can improve e.g. thermal stability. The phenolic anti- 
oxidants include 

tetrakis-imethyl-S-Ca'.S'-di-tert-butyl^-hydroxyphenyOpropionate] methane, 4,4'-butylidene bis-(3-methyl-6-tert-butyl- 
phenol), and 

1 .S.S-tiimethyl-a^.e^rista.S-di-tert-butyl^-hydroxybenzyl) benzene. 

[0052] The polyester of this invention may contain other arbitrary polymers, stabilizers, antioxidants, antistatic agents, 
antifoaming agents, dyeing assistants, dyes, pigments, delusterants, optical brighteners and other additives. 

Examples 

[0053] Hereinafter, this invention is described in more detail by reference to the Examples, which however are not 
intended to limit this invention. The intrinsic viscosity (IV) of polyester in each of the Examples and Comparative Ex- 
amples was measured at a temperature of 30 °C in a 6/4 mixed solvent (ratio by weight) of phenol/1 ,1 ,2,2-tetrachlo- 
roethane. Example 1 

[0054] As the catalyst, 3 g/l aluminum chloride in ethylene glycol was added, in an amount of 0.01 5 mole % in terms 
of aluminum relative to the acid component in polyester, to bis(2-hydroxyethyl) terephthalate, and then dimethyl phe- 
nylphosphonate was added in an amount of 0.02 mole % relative to the acid component in polyester, and the mixture 
was stirred at 245 °C for 10 minutes at atmospheric pressure. Then, the mixture was heated over 50 minutes to 275 
°C, during which the pressure in the reaction system was gradually reduced to 0. 1 mmHg, and further pofycondensation 
reaction was conducted for 3 hours at the same temperature and at the same pressure. The intrinsic viscosity of the 
resulting polymer is shown in Table 1 . 

Examples 2 to 7 and Comparative Examples 1 to 2 

[0055] Polyester was polymerized in the same manner as in Example 1 except that the catalyst was changed. The 
intrinsic viscosity of the resulting polymer is shown in Table 1 . 



Table 1 





Catalyst 


Amount 


IV(dlpf 1 ) 


Example 1 


Aluminum chloride 
Dimethyl phenylphosphonate 


0.015 mol% 
0.02 mol% 


0.55 


Example 2 


Aluminum acetate 
Diethyl benzylphosphonate 


0.03 mol% 
0.01 mol% 


0.57 


Example 3 


Aluminum hydroxide chloride 
Diphenylphosphinic acid 


0.05 mol% 
0.07 mol% 


0.62 


Example 4 


Aluminum acetylacetonate 
Dimethyl phenylphosphonate 


0.01 mol% 
0.01 mol% 


0.6 


Example 5 


Aluminum hydroxide 
Diphenyl phosphine oxide 


0.065 mol% 
0.03 mol% 


0.59 


Example 6 Example 6 


Aluminum acetate 
Diethyl benzylphosphonate 
Lithium acetate 


0.01 mol% 
0.005 mol% 
0.025 mol% 


0.6 



9 



EP1 227117 A1 



10 





Catalyst 


Amount 


IV(dlg" 1 ) 


Example 7 


Aluminum chloride | 
Dimethyl phenylphosphonate 
Sodium acetate 


0.005 mol% 
0.01 mot% 
0.05 mol% 


0.62 


Comparative Example 1 


Aluminum chloride 


0.015 mol% 


0.31 


Comparative Example 2 


Dimethyl phenylphosphonate 


0.02 mol% 


0.27 



*5 as well as coatings and adhesives. 
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A p.^r p^Mfett. c** «»»— - Co™""- ^ 8 ■*° S "» US C " W0U " <I - 

The p««r P*™**" £y^£S3^^S^lSS 

25 compound, and a phosphine based compound. 

3. The poster polarization cata*st acceding to Cairn 1 , wherein the phosphorus compound is at .east one 
phosphonic acid based compound. 

so 4 ThepoVesterpoiymer^ 

is a compound having an aromatic ring structure. 
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(Formula 1) 
P^OJR^OR^OR 3 ) 

(Formula 2) 
P(=0)R 1 R 4 (OR 2 ) 

(Formula 3) 
P(=0)R 1 R 5 R 6 

alicyclic structure or an aromatic ring structure.) 
6. The poiyester polarization cata^st according to Cairn 5, wherein each o, tf , *. and * is a group having 
an aromatic ring structure. 
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The polyester polymerization catalyst according to any one of claims 1 to 6, characterized in that one or more 
metals and/or metal compounds selected from. the group consisting of alkali metals or compounds thereof and 
alkaline earth metals or compounds thereof are coexistent therewith. 

Polyester produced by using a catalyst described in any one of claims 1 to 7. 

A process for producing polyester which comprises using a catalyst described in any one of claims 1 to 7 in pro- 
ducing polyester. 
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